Osteosarcoma is the most common primary bone cancer and has a broad spectrum of histological subtypes. Stathmin 1 (STMN1) is a cytosolic phosphoprotein that is expressed in several types of cancer. The aim of this study was to evaluate the expression levels of STMN1 in osteosarcoma with clinicopathological characteristics and patient prognosis.
Background
Osteosarcoma is one of the most common forms of malignancy of bone and is characterized by early metastasis [1] . Children and adolescents between the ages of 10-20 years have the highest morbidity and mortality from osteosarcoma [2] . Osteosarcoma has a broad spectrum of histological subtypes, which are considered to have different biological behavior [3] . According to the World Health Organization (WHO) classification, osteosarcoma includes three major subtypes, osteoblastic osteosarcoma, chondroblastic osteosarcoma, and fibroblastic osteosarcoma, based on the predominant type of matrix within the tumor; other histological variants include telangiectatic osteosarcoma and small cell osteosarcoma [4] .
Osteosarcoma has a poor prognosis, as local invasion and metastatic disease can progress rapidly, and patients have a variable response to therapy. More than half of patients with primary osteosarcoma who do not receive postoperative adjuvant therapy suffer from metastases within a six-month period and >80% of patients undergo relapse within two years of diagnosis. Local invasion of the adjacent bone tissue occurs in between 15-30% of patients with osteosarcoma, and metastasis to the lungs occurs to approximately 95% of the patients [5] . These clinicopathological characteristics of osteosarcoma explain the poor prognosis. The 5-year overall survival rate is approximately 20% in patients with osteosarcoma who have metastases on initial diagnosis, and the 5-year survival rates for patients with non-metastatic osteosarcoma at initial presentation range from 65-70% when treated with adjuvant therapy in addition to surgery [6] . Given the aggressive clinical course and high rate of metastases of primary osteosarcoma of bone, there is an urgent need to find new biomarkers to patient prognosis and to assist in treatment decisions.
Stathmin 1 (STMN1) is a cytosolic phosphoprotein (18 kDa) that is involved in the regulation of the cell microtubule filament system by destabilizing microtubules [7] . STMN1 is widely expressed in the cell cytoplasm and is involved in multiple cellular functions, including cell proliferation, differentiation, motility, clonogenicity, and cell survival by preventing assembly and promoting disassembly of microtubules [8] . Because of its role in destabilizing the cell microtubules, STMN1 has a key role in carcinogenesis and cancer progression, including cell migration, invasion, and metastasis [9] . The overexpression of STMN1 has been reported in several types of human cancer, including breast cancer, prostate cancer, gastric cancer, and hepatocellular carcinoma [10] [11] [12] . Also, previous studies have shown that the progression of tumor cells was promoted by regulating STMN1 expression, indicating the potential of STMN1 as a biomarker for malignancy and the behavior of malignant cell [8] .
Although studies on the role of STMN1 in human osteosarcoma are lacking, a recently published in vitro study of human osteosarcoma cell lines showed that knockdown of the STMN1 gene enhanced osteosarcoma cell chemosensitivity by inhibiting autophagy, indicating that STMN1 might be a potential target for the treatment of chemoresistance in osteosarcoma [13] . However, the clinical significance of STMN1 expression in human osteosarcoma in vivo remains to be elucidated, and the underlying molecular mechanisms for the effects of STMN1 are still unknown.
Therefore, the aim of this study was to evaluate the expression levels of STMN1 in osteosarcoma tissue, using immunohistochemistry (IHC), and to evaluate these expression levels with clinicopathological characteristics and patient prognosis.
Material and Methods

Patients studied
The study was approved by the Ethics Broad of Yidu Central Hospital and Shenzhen Second Peoples' Hospital. All patients who provided osteosarcoma tissue for this study provided written informed consent. Between 2002-2016, a total of 223 patients underwent surgery for osteosarcoma in Yidu Central Hospital and Shenzhen Second Peoples' Hospital, with the histological diagnosis of osteosarcoma confirmed by two senior pathologists. There were 94 patients selected in the study cohort who had no systemic therapy prior to surgery, but who underwent standard postoperative adjuvant therapy. Patients who had died within two months of surgery were excluded from the study as these patients were considered to have died from perioperative complications.
The overall survival rates for each patient were identified as being from the date of surgery to the date of death or the date of the last clinical follow-up. After discharge from the hospital, patients were followed-up by telephone, with follow-up ranging from between 4-107 months, with the average follow-up time being 27.2 months. The clinical stages of osteosarcoma were defined by the standard developed by Enneking et al. [14] .
Immunohistochemistry (IHC) for stathmin 1 (STMN1)
Immunohistochemical staining was used for the detection of STMN1 using the streptavidin-peroxidase complex method, as previously described [15, 16] . Osteosarcoma tissue obtained at surgery from each patient was routinely processed for diagnosis using formalin-fixed, paraffin wax-embedded tissue blocks, from which sections were cut onto glass slides. Xylene and graded alcohol were used for deparaffinization and rehydration of the tissue sections. Sections were incubated in citrate buffer for antigen retrieval, and in 3% hydrogen peroxide to block endogenous peroxidase. Nonspecific binding of antibodies was blocked by incubation of the tissue sections in 5% bovine serum albumin (BSA) and the sections were washed. The sections were incubated with the anti-STMN1 primary antibody (sc-48362) (Santa Cruz, CA, USA) at 4°C overnight. After rinsing with phosphate buffered saline (PBS), the sections were incubated with the secondary antibodies (Sangon, Shanghai, China) for 2 hours at room temperature. The streptavidin-peroxidase complex reagent (Sangon, Shanghai, China) and 3,3'-diaminobenzidine (DAB) (brown) solution (Sangon, Shanghai, China) were applied for visualization of the localization of the STMN1 immunostaining.
Evaluation of the IHC results
The results of IHC were semi-quantified with a visual scoring system, as previously described [17, 18] . The evaluation of the IHC staining was performed by two pathologists who were unaware of the patients' clinical data. This IHC scoring system consisted of two components: the score of staining intensity and the score of the percentage of positively-stained osteosarcoma cells. Staining intensity scores were defined as follows: 0, negative staining; 1, weak staining; 2, medium staining; and 3, strong staining. The scores for the percentage of positively-stained cells included: 1, between 0-25%; 2, between 25-50%; 3, as >50%. The final IHC staining score was defined as the product of these two scores and ranged from an IHC staining score of between 0-9.
Using the IHC staining scores, cut-off values were used to divide the patients into different groups. The value of the cut-off score was identified as the value that gave the highest summary of sensitivity plus specificity derived from the receiveroperating characteristic (ROC) curve, according to the method previously described [19, 20] .
Statistical analysis
Data were analyzed with SAS software (Cary, NC, USA) or SPSS software (IBM Co., Chicago, IL, USA). The correlation between STMN1 expression and clinicopathological factors were analyzed with Fisher's test, the prognostic value of expression levels of STMN1 in tumor tissue was evaluated by Kaplan-Meier univariate analysis and the log-rank test, and independent prognostic factors were identified using the Cox regression model to identify the independent prognostic risk. A P-value of <0.05 was considered to be statistically significant.
Results
Expression and localization of stathmin 1 (STMN1) in osteosarcoma
Immunohistochemistry (IHC) showed that stathmin 1 (STMN1) was mainly expressed in the cell cytoplasm of osteosarcoma cells, which was consistent with its function as a microtubules destabilizer. Representative images of the light microscopy of low STMN1 immunostaining and high STMN1 immunostaining are shown in the photomicrographs presented in Figure 1A and 1B. As shown in Table 1 , the study cohort consisted of 19 female patients and 75 male patients with osteosarcoma. Patients who were <20 years-of-age accounted for 80.85% of all cases of osteosarcoma. The percentage of tumors showing low expression and high expression of STMN1 was 43.62% and 56.38%, respectively.
Correlation between STMN1 expression in osteosarcoma tissue and clinicopathological findings
The correlation between STMN1 expression in osteosarcoma tissue and patient clinicopathological factors was evaluated with Fisher's test and are shown in Table 2 . A high tissue expression level of STMN1 was significantly associated with the presence of metastases (P=0.028) and an advanced Enneking surgical stage (P=0.030), which were consistent findings, as metastatic status is an important parameter in the Enneking surgical stage for osteosarcoma. Also, STMN1 expression was significantly correlated with the site of origin of osteosarcoma (P=0.023), with an origin from the tibia or humerus being associated with an increased level of tissue STMN1 expression. Patients with high tissue expression levels of STMN1 had a poorer response to chemotherapy (P=0.011), indicating that STMN1 might be involved in the chemoresistance of osteosarcoma cells.
Survival rates and clinicopathological factors in patients with osteosarcoma
The correlation between the overall survival rates and the clinicopathological factors were evaluated using univariate analysis to identify the prognostic associations (Table 3) . High expression levels of STMN1 was significantly associated with poor prognosis (P=0.016) (Figure 2A) . Poor response to chemotherapy (P=0.004), the presence of metastases (P=0.003) and advanced Enneking surgical stage (P=0.014) were all associated with poor prognosis (Figure 2B-2D) . Also, chondroblastic osteosarcoma had the lowest survival rates when compared with the other tumor types, including osteoblastic osteosarcoma, fibroblastic osteosarcoma, and telangiectatic osteosarcoma ( Figure 2E ). This finding might be explained by the fact that most cases of chondroblastic osteosarcoma were insensitive to chemotherapy, as previously reported [21] .
Independent prognostic risk factors
The independent prognostic factors of osteosarcoma were identified with multivariate analysis following univariate statistical analysis. The clinicopathological factors with P<0.10 in univariate analysis were enrolled into the multivariate analysis with the Cox-regression model for the identification of independent prognostic factors ( Table 4 ). Enneking surgical stage was excluded from the analysis because this staging system includes the presence of metastasis. In this study, expression of STMN1 in osteosarcoma tissue using IHC was confirmed as an independent prognostic biomarker predicting the poor prognosis of osteosarcoma, confirmed by P-values, the hazard ratio (HR) and 95% confidence interval (CI) (P=0.012; HR=4.31; 95% CI, 1.48-13.4). Also, a poor response to chemotherapy (P=0.023) and positive distant metastases (P=0.005) were shown to be significant independent prognostic factors in the patients with osteosarcoma. The chondroblastic type of osteosarcoma was an independent risk factor of poor prognosis (P=0.009; HR=4.25), while the telangiectatic type of osteosarcoma was an independent predictor of favorable prognosis (P=0.034; HR=0.07). Osteosarcoma that originated from the tibia was a favorable prognostic factor when compared with osteosarcoma from the other sites (P=0.035; HR=0.16).
Discussion
Stathmin 1 (STMN1) is a cytosolic phosphoprotein that is involved in the regulation of the cell microtubule filament system by destabilizing microtubules [7] . The aim of this study was to evaluate the expression levels of STMN1 in osteosarcoma tissue, using immunohistochemistry (IHC), and to evaluate these expression levels with clinicopathological characteristics and patient prognosis. The findings showed that increased expression of STMN1 in tumor tissue was an independent prognostic biomarker in patients with osteosarcoma.
In proliferating cells, including malignant cells, microtubules are essential components involved in cell division through the formation of the mitotic spindle. The regulation of microtubule dynamics mainly includes microtubule destabilization or stabilization [22] . The destabilization of microtubules can drive tubulin polymerization, resulting in activation of microtubule dynamics, which is essential for progression through mitosis [22] . Some agents, such as paclitaxel, function mainly by stabilizing microtubules and suppress tumor cells progression. Knockdown of the STMN1 gene has been shown to cause a delayed G2 phase and an increase in the rate of apoptosis in several cancer cell lines [23] . Studies undertaken in vitro and in vivo have previously shown that downregulation of STMN1 resulted in the inhibition of mesenchymal cell motility, while high levels of STMN1 was correlated with the metastatic phenotype of human sarcomas [24] . These previous study findings have suggested that STMN1 should be further investigated as a potential drug target in the treatment of the tumors, including sarcoma.
The oncogenic role of STMN1 in cancer cells proliferation and migration has been previously studied, and in sarcoma cells, the interaction of STMN1 with p27Kip1 was shown to regulate cell proliferation and invasion [24] . The oncogenic role of STMN1 has been previously demonstrated in several types of cancer or in cancer cell lines [25] . In osteosarcoma cells, knockdown of the STMN1 gene was previously shown to enhance chemosensitivity of osteosarcoma cells to paclitaxel through inhibition of autophagy [13] .
In the present study, the prognostic role of STMN1 expression in osteosarcoma was demonstrated using IHC and showed, for the first time, that increased expression levels of STMN1 were correlated with several clinicopathologic factors including the presence of metastases and response to chemotherapy. These preliminary findings support the need for further controlled clinical studies on the role of STMN1 in the progression of human osteosarcoma and might trigger interest in further studies on the role of STMN1 as a prognostic biomarker in osteosarcoma. Importantly, the underlying molecular mechanisms on the role of STMN1 leading to tumor metastasis and chemoresistance in osteosarcoma should be explored further. prognostic biomarkers for osteosarcoma [26] . The identification of new prognostic biomarkers for osteosarcoma may result in the development of new targeted drugs to prolong patient survival. Following several controlled clinical trials, sorafenib and everolimus are now used as second-line treatments for patients with advanced osteosarcoma.
In the present study, STMN1 was identified as an independent prognostic biomarker for osteosarcoma and was significantly correlated with the presence of metastases, which raises the possibility that future development of drugs that target STMN1 could be developed for osteosarcoma therapy. Currently, although there are no marketable specific inhibitors of STMN1, other drugs affecting microtubule dynamics may have a similar inhibitory function, such as eribulin, a drug targeting microtubule dynamics, which has been shown to inhibit mitosis and induce cell necrosis in osteosarcoma cells via suppressing microtubule dynamic stability in preclinical models of osteosarcoma [27] . It is hoped that the findings of the present study will encourage future studies on drug discovery and development in the area of microtubule dynamics and the treatment of osteosarcoma.
Conclusions
The findings of this study showed that increased expression of stathmin 1 (STMN1) in human osteosarcoma tissue was identified as an independent prognostic biomarker. In future, the detection of STMN1 expression could be used to stratify patients with osteosarcoma patients more precisely and to identify high-risk patients. Furthermore, future studies may be undertaken to determine whether treatment targeted to STMN1 might improve patient prognosis in osteosarcoma.
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